Conventional gradient methods have already been applied to reservoir engineering for matching the history of former field performances. The key point of these methods is to select the best areal reservoir zoning for reduction of the amount of reservoir parameters to be identified. In this paper we propose a zoning based on reservoir lithofacies, thus making a more natural than geographical choiee.
INTRODUCTION
The characterization of a reservoir is a delicate problem that is confronted by geophysicists, geologists and reservoir engineers.
Interpreting production results, interference tests and weIl-tests plays a very important role in attempting to specify the description of the geologie model and to reduce the attenuating uncertainties.
Some of these interpretation techniques are based on inversion procedures in which, by using a meshed geologie model, an attempt is made to calibrate numerical simulations of field measurements by varying the parameters of this model. The variable parameters are both geometrie (position and size of geologie bodies) and petrophysical (value of porosity, absolute permeabilities, and points of relative-permeability curves, etc.).
To vary the petrophysical characteristics automatically, one solution is to use a method of gradients relating to these parameters [1, 2, 3, 4] .
In a meshed model used by a flow simulator in porous media, the number of parameters is often a multiple of the number of meshes. To reduce the number of these parameters, the reservoir is cut up into influence zones in which they vary uniformly.
This artiele describes an original gradient method using the description of the reservoir model in lithofacies. This method is particularly well suited for an approach that is used more and more of ten. It consists first of all in building a geologie model by using the structure In lithofacies before quantifying it in petrophysical data. 1996 This approach does away with cutting up the reservoir into zones of the meshed model, by using a natural zoning in geologie bodies and by measuring directly the influence of a lithofacies, through its petrophysical characteristics, on the pressure response of a weil-test or on production curves.
Af ter describing the gradient method in relation to the lithofacies, we will see how it has been programmed into a numerical weil-test simulator, then validated and tested by simple geologie modeis.
THE GRADIENT METHOD APPLIED TO FLOW SIMULATIONS

The Model Problem
To model flow in an oil reservoir, we take into account:
Darcy's generaIized equations, • the law of mass conservation.
to which we associate: borehole conditions, • boundary conditions, • initial conditions.
We thus obtain a system of nonlinear equations with partial derivatives, in which the unknowns are pressures P and saturations S for each phase and, possibly, the concentrations of each constituent in the phases.
If we name U the set of unknowns and d the set of parameters influencing the solution, the system of discretized equations can symbolically be written in the following way: (1) in which Un+l solution at t n + 1 time depends on the solution at rn time and on d.
The conventional method used to solve this type of system is Newton's method which has the following algorithm ( ;y-)(k) (2) 
The Gradient Method
The idea is to determine the influence of a parameter d on the values of U at each time step.
By deriving Equation (1) 
No matter what parameter d may be, the matrix of the system is the same as that of Newton's last iteration to solve the equation in U. This matrix is computed only once. However, the second member changes for each d. We thus have to solve at each time step, in addition to Newton's iterations, as many linear systems as parameters.
To reduce the number of these parameters, the "conventional" gradient method, such as is programmed in SCOREGRAD, consists of cutting up the reservoir into zones to which constant petrophysical vaIues are assigned. We then compute parameter contribution for each zone by solving a system of type (4).
The gradient method described below proposes to decrease the number of parameters by using a modeling of the reservoir in lithofacies.
GRADIENT METHOD BY LITHOFACIES
Principle of the Method
During the construction of a meshed model of an oil field, at one stage we have a geologie model and a description of this reservoir in lithofacies. This description may be the construction of a geostatistical model or a determinist construction of an geologie object model or the interpretation of weIl-tests.
The principle of the gradient method by lithofacies is to use the natural zoning of the field, as defined in this geologie description.
The influence zones are therefore defined a priori, and we compute the influence of lithofacies on the pressure and saturation ranges in the field via the petrophysical parameters that are associated with it. Cl/> -div(~grad( P) + pgZ) = qw (5) with zero flow conditions or pressure imposed at the edges. Crepresents the fulI compressibility (pores and fluid), assumed to be constant in the model,~the fluid viscosity, g the gravity, p the fluid density and qw is a sink term.
After descretizing in time and space using a finite-volume method, the equation becomes:
with:
grid-block index volume of grid-block i set of neighbors of grid-block i if welI w is in grid-block i the transmissivity between grid-blocks i and vrij
If the system is written in matrix form, calling A the matrix and B the second member, we obtain:
In addition, if we want to compute AP , the variation of the pressure range at each time step, is as folIow: 
is the second member of the gradient.
If we presume that the transmissivities have the form:
in which a,~, À. are the functions of the geometry of gridblocks i and vrij, we can explain the derivatives in relation to the permeabilities. Four cases are possible depending on what lithofacies are present in the gridblocks i and vrij .
IMPLEMENTATION OF TUE METUOD IN A NUMERICAL MODEL FOR WELL-TESTS
This gradient method by lithofacies has been programmed in a simulation model of welI-tests with the following characteristics:
the diagram is implicit, • the wel\s are coupled, • the relation between grid-block pressure and the bottomhole flow pressure is defined by a numerical productivity index (NPI) function taking into account the skin, the permeability of the grid-block and the equivalent radius of the borehole computed by the Peaceman rule [9,10], • the discretized system is expressed in pressure difference, !lP, between tand t +!lt times, the boundaries may be either with imposed flow or with imposed potential. This numerical simulation model called SIMTESTW has been presented by G. Blanc et al [5] .
Derivative of Borehole Equations
Additional equations, one per borehole, due to borehole coupling, are derived in relation to the permeability ofthe lithofacies of the weil grid-block.
They are written in the following form:
with i = grid-block index in which the borehole is open; NP/(i) borehole function and qw flow rate of borehole w.
By deriving (7) in relation to KJ j , we obtain:
lithofacies Kij (if not, 0).
Algorithm
As seen above, the matrix of the gradient system is the same as the one for the pressure system. However, the second member is different.
To compute the gradient range at rn+1 time, we have to know the pressure range at t n + 1 time and the gradient range at t n time because they intervene in the second member of the system.
The algorithm of the model, modified for computing the gradients, is as follows:
• Loop for rn+1 times.
Computing matrix A of the system (if the time steps are constant, the matrix remains constant for single-phase flow), Computing the right hand side of system in L1P" Solving the system in L1P, Loop for dei) parameters in relation to which P is derived.
< Computing the right hand side of the gradient dp n system making pn+ 1 and -:1--intervene,
End ofthe loop on dei)
• End of the time loop.
The programming of the computing part of the gradients simply requires the addition of subroutines for constructing the right hand sides and the transmissivity derivation functions. The matrix of the pressure system is not modified, and so the same sol ver can be used for the different gradient systems. Likewise the use of a good preconditionning algorithm, which will be run once, is very interesting in order to save computation time.
In the present version, we are interested in the pressure gradients relating to the horizontal and vertical permeabilities and porosity associated with each lithofacies. We have also developped methods to compute gradients relating to the weil skin and to the weil bore storage since these variables appear explicitly in the equations.
Pressure gradients relating to mean value and standard deviation of a norm al-log permeability and porosity distribution associated to a lithofacies have also been developped. The general case of non-uniform petrophysical distribution assigned to a lithofacies can also be carried out. We then compute gradients re\ating to a coefficient of translation and a porosity or permeability distribution multiplier.
All these developments wil\ be presented at the 1996 SPE FalI meeting in Denver .
VALIDATION
The simplest validation test consists of comparing the results from the solving of the system of derivative equations to the values obtained by "numerical" gradient computing.
The principle of the numeri cal gradient is to compute two different potential ranges for two neighboring values dl, d2 for a given parameter.
The gradient is then approached by:
The results are presented in graph form of showing the evolution during welJ-test simulation of the pressuregradient values at the borehole relating to the horizontal or vertical permeability of lithofacies. The numerical pressure gradient is computed by taking two successive horizontal permeability values of 100 and 100.1 mD. The analytical pressure gradient is computed by solving the system of derivative equations corresponding to Kh = 100 mD.
The comparison of the results give a maximum difference ofless than 1% (Figure 1 ).
Case 2 -Centered Channel Model
The same test is performed for a model with 2 lithofacies as a channel parallel to the X axis and centered in the reservoir. The lateral ex tent of the reservoir are 2700m on X direction and 900 m on Y direction and its thickness is of lOm. The channel is 290 m wide. The porosity of each lithofacies is set to 20%. The weil, of 7.85 cm radius, is located at the center of the model and fulJy penetrates the reservoir. The welJ bore storage is set to 10-1 m 3 /bar and the weil skin is set to -2. The mathematical model is made up of 8649 (93x93x I) irregular grid-blocks.
The weil-test for validationis a simulated draw-down of2 days with a constant flow-rate of 50 m 3 /day.
The horizontal permeability values used for computing the numeri cal gradient are successively 10 and 10.1 mD for the non-channellithofacies and 500 and 501 mD for the lithofacies inside the channel. The analytical pressure gradients are computed by sol ving the system of derivative equations corresponding to Kh1 = 500 mD and Kh2= IOmD.
A comparison of the resuIts shows a difference of less than 1% (Figures 2) between the numerically estimated gradient and the one obtained by sol ving the system of derivative equations in relation to the permeability.
Case 3 • Multilayer model
To validate the computing of the gradient relating to a vertical permeability, we test a "homogeneous multilayer" case.
The reservoir is made up of 3 layers each corresponding to a lithofacies and allowing vertical flow involving vertical permeability values. The horizontal extent is 1350 m in each direction and the thickness of the 3 layers is respectively 7, 12 and 10 m from the bottom to the top. The porosity of each layer is set to 20%. The horizontal permeability of the 3 lithofacies is respectively 10, 200, 50 mD and the anisotropy ratio between vertical and horizontal permeability is set to 0.01 for each lithofacies. The weIl-test for the validation is a simulated draw-down of about 1 day with a constant flow-rate of 50 m 3 /day.
The vertical permeability values used to compute the numerical gradient of weil pressure with respect to the lithofacies #2 (middle layer lithofacies) are 2 mD and 2.01 mD. The analytical pressure gradient is computed by sol ving the system of derivative equations corresponding to KV2 = 2 mD. The comparative resuIts are shown in Figure 3 . As we can see the resuIts are similar and the analytical solution is much more regular than the numerical one. are associated with each lithofacies, an initial pressure reference simulation is computed, the initial petrophysical values are changed, and we attempt to reeover them again by using a objective function measuring the difference between the weU / pressure computed by simulation and the one referenced.
A least-squares objective function is calculated as foUow :
in which :
• KJ represents the vector of permeabilities associated Different efficient optimization algorithms can be used when analytical gradients are supplied. We performed these tests with the Gauss-Newton, Powell and Levenberg-Marquardt algorithms [7, 8] .
The iterative optimization process stops when the objective function value is smaUer than a given threshold.
Homogeneous Case
The reservoir model and the mathematical model are those presented above. The well-test is a synthetic build up run with the numerical model. The permeability and porosity are set respectively to 100 mD and 20 %. A constant flow rate of 50 m3/day was maintained during 105 s (about one day) to simulate a drawdown and the build up was simulated for2 days.
The reservoir permeability and porosity are the parameters of the inversion process which was initiated with a value of K equal to 500 mD and <I> equal to 40%.
The reference values were recovered in 5 iterations with Powell algorithm and the stop criterion set at 0.01 %.
The weIl pressure curve and its time derivatives are given in Figure 4 with the initial guess values of the inversion process and with the final iteration values. 
Channel Case
The reservoir model and the mathematical model are detailed above. The well-test is a synthetic build up run with the numerical model. The permeability and porosity of lithofacies 1 (outside the channel) and 2 (channel) are set respectively to 10 mD, 500 mD and 20 %. A constant flow rate of 50 m3/day was maintained during 2 days to simulate a drawdown and the build up was simulated for 5 days. The two lithofacies reservoir permeabilities and the skin are the parameters in the inversion process which was initiated with an homogeneous value of K equal to 100 mD and a zero skin.
. 1 The reference values were recovered in 15 iterations starting with Powell algorithm and finishing with Levenberg-Marquard. The stop criterion was set to 10-8 . 
Multilayer Case
The reservoir model and the mathematical model are these presented above.
The well-test is a synthetic build up run with the numerical model. The permeabilities of the three lithofacies are respectively 50, 200, 10 mD from the bottom to the top layer and the porosity is set to 20 %. A constant flow rate of 50 m3/day was maintained during 105 s (about one day) to simulate a drawdown and the build up was simulated for 2 days. The horizontal permeability of the 3 lithofacies of the reservoir were the parameters of the inversion process which was initiated with an homogeneous value of K equal to 500 mD. '
The anisotropic ratio between vertical and horizontal permeability is forced to stay at 0.01 during the inversion process.
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The reference values were recovered in 8 iterations with Powell algorithm and the stop criterion set to 10-8. The results are shown on Figure 6 .
CONCLUSIONS
A new gradient method applied to reservoir engineering, and in particular to weil-tests, has been developed. This method is programmed into a numerical simulator for weil-tests.
It represents a type of as si stance for constructing a reservoir model around the borehole.
We validated the programming by comparing the results obtained with a numeri cal derivation.
We checked the advantage of the method by integrating the pressure gradients obtained into a parameter-inversion process for simple cases. The computerized performances also suggest that the software should have industrial uses. As the matrix remains constant for the linear systems in pressure and in gradients, the use of a good preconditionning algorithm largely reduce the computation time.
This technique has been tested with more complex cases, issued from actual data, to check its sturdiness and to determine the best conditions for its use [6] . All of these tests have revealed the importance of this method within the particular framework of weIl-tests. Extensions to multiphase flows have been carried out [8] . The inversion of production data is possible and it is undoubtably a great help in the construction of a reservoir model.
We are now focusing our researchs on the inversion of geometrie parameters such as the shape of geological bodies and reservoir limits. ...
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